The Removal of Lead from Water Using Ionic Liquid by Hevey, Andrea M et al.
Worcester Polytechnic Institute
Digital WPI
Major Qualifying Projects (All Years) Major Qualifying Projects
February 2008
The Removal of Lead from Water Using Ionic
Liquid
Andrea M. Hevey
Worcester Polytechnic Institute
Arly Dungca
Worcester Polytechnic Institute
Rachel Patenaude
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/mqp-all
This Unrestricted is brought to you for free and open access by the Major Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Major Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Hevey, A. M., Dungca, A., & Patenaude, R. (2008). The Removal of Lead from Water Using Ionic Liquid. Retrieved from
https://digitalcommons.wpi.edu/mqp-all/2362
THE REMOVAL OF LEAD FROM WATER USING IONIC LIQUID 
 
 
 
A Major Qualifying Project Report: 
 
submitted to the Faculty 
 
of the 
 
WORCESTER POLYTECHNIC INSTITUTE 
 
in partial fulfillment of the requirements for the 
 
Degree of Bachelor of Science 
 
 
 
by 
 
_______________________________________ 
Arly Dungca 
 
_______________________________________ 
Andrea Hevey 
 
_______________________________________ 
Rachel Patenaude 
 
 
 
 
 
Approved: 
 
 
____________________________________ 
Professor John Bergendahl, Advisor 
 
 
 
  
  
2 
 
ABSTRACT 
 
The goal of this project was to investigate the ability of the ionic liquid 
[bmim][PF6] to remove dissolved lead from water. The partitioning of lead from the 
aqueous phase to the ionic liquid 1-butyl-3-methylimadazolium hexafluorophosphate, 
[bmim][PF6], was analyzed with bench scale experiments. From the data, a full scale 
system comprised of a rapid mix tank and a gravity decanter was designed.  
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 MQP Design Requirement 
 
 Our group worked on the project of the Removal of Lead from Water Using Ionic 
Liquid.  To meet the requirement of the design aspect of the project, our group designed 
the bench scale experiments to obtain data and also designed a full scale remediation 
system that could be used in the field based on the data we obtained.  The methodology 
and the types of experiments were all created by the members of the group.  The types of 
experiments included: Solubility of 1-butyl-3-methylimadazolium hexafluorophosphate 
([bmim][PF6]), Preparing a Lead Nitrate Stock Solution, Lead Removal as a Function of 
Lead vs. [bmim][PF6] Ratio, Lead Levels as a Function of pH Levels and Settling Rate of 
[bmim][PF6] in Water.  The types of experiments were created to determine the potential 
removal rate of lead using [bmim][PF6].  The equipments and the procedures used were 
created based on research and took into consideration the scope as well as the limitations 
of the project. 
 After conducting the experiments, the results were used as a basis for the design 
of the full scale remediation system.  We researched Superfund sites that had 
groundwater contaminated with lead to determine a current scenario that could be applied 
to our remediation system.  We selected an EPA Superfund site in Woburn, 
Massachusetts that had a proposed pumping rate of 50 gallons per minute.  With the 
remediation scenario and results of the experiments, we designed a pump and treat 
system which included a rapid mix tank as well as a gravity decanter.  
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Executive Summary 
 
Lead poisoning is an environmental and public health problem of global 
proportions (WHO, 2000).  According to the World Health Organization (2000), amongst 
the toxic heavy metals, lead is one on the most serious environmental poisons throughout 
the world.  Currently, there is a strong interest in finding green alternative options to 
remediate lead pollution.  Our grouped investigated the possibility of the ionic liquid 1-
butyl-3-methylimadazolium hexafluorophosphate ([bmim][PF6]) as an alternative “green” 
solvent. Our project group developed a set of objectives to accomplish our goal which 
included:   
 
1. Investigate [bmim][PF6] ability to remove lead in water. 
2. Identify possible factors affecting the efficiency of [bmim][PF6]  to remove 
lead in water. 
3. Design a system to be used in the field during remediation. 
4. Make recommendations for feasibility of the use of ionic liquids for 
remediation based on experimentation and design. 
 
Additionally, the focus of the background research involved identifying the extent of lead 
contamination in groundwater as well as the characteristics of ionic liquids.  This helped 
identify the possibilities of remediation with ionic liquids.  
 Lead is a health hazard for all humans, and children as well as adults in almost 
every region of the globe are being exposed to unsafe levels of lead in the environment. 
Both occupational and environmental exposures to lead remain a serious problem in 
many developing and industrializing countries as well as in some developed countries. In 
Eastern Europe and many developing countries, air pollution is the primary source of lead 
exposure. However, in the United States the major sources of lead exposure have become 
contaminated soil and water. (Herman, Geraldine & Venkatesh, 2007; WHO, 2000) 
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Although water is rarely the primary source of lead exposure for children the 
Environmental Protection Agency estimated in 2007 that on average 20 percent of a 
child's total lead exposure can potentially be attributed to lead-contaminated water. There 
is currently multiple ways to remove lead from water. However, innovative technology 
for treating lead in water to eliminate this source of exposure is becoming increasingly 
more important. Ionic liquids are a promising method of removing contaminants in water 
as well as a more environmentally friendly alternative to traditional solvents. (NSC, 
2004) 
Ionic liquids are salts made entirely of ions. They are made up of two 
components, an anion and a cation. Generally, one or both of the ions are large and the 
cation has a low degree of symmetry, which reduces the crystal lattice energy. Because 
these ions are poorly coordinated, the ionic liquids have a melting point below 100 °C or 
sometimes even at room temperature. Additionally, because of their structure, ionic 
liquids are often referred to as designer solvents. They have the ability to be modified, to 
produce a set of desired properties. Properties such as melting point, viscosity, density 
and hydrophobicity can be varied with a change in structure. (Rogers & Seddon, 2003)   
Ionic liquids currently have many uses as well as possessing great potential in 
many industrial applications with further research.  Ionic liquids have the advantage of 
both homogenous and heterogeneous catalysts because they can be immiscible with 
reactants and products but dissolve the catalyst.  They can also be used as an alternative 
to traditional organic and inorganic solvents.  Certain ionic liquids have been found to be 
able to remove metal ions such as cadmium and mercury from contaminated water since; 
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ionic liquids are insoluble in water making the two liquids easy to separate.  (Donata, 
2004) 
 
Findings 
 
With this research, our group designed bench scale experiments to look into 
Solubility of 1-butyl-3-methylimadazolium hexafluorophosphate ([bmim][PF6]), 
Preparing a Lead Nitrate Stock Solution, Lead Removal as a Function of Lead vs. 
[bmim][PF6] Ratio, Lead Levels as a Function of pH Levels and Settling Rate of 
[bmim][PF6] in Water.  The types of experiments were created to determine the potential 
removal rate of lead using [bmim][PF6].  The team used the Atomic Absorption 
Spectroscopy to measure the concentration of lead in the water with a calibration of 
points of 0.2, 0.5, 1, 5, and 10 parts per million.     
Solubility of 1-butyl-3-methylimadazolium hexafluorophosphate ([bmim][PF6] 
 
After the three day sitting period, it was observed that the e-pure evaporated out 
of the [bmim][PF6] and remained on the sides of the vial.  Upon re-contact with the ionic 
liquid, the e-pure once again formed bubbles. Because of these observations, it was 
concluded that [bmim][PF6] is immiscible with water.   
 
Preparing a Lead Nitrate Stock Solution 
 
Our group mixed 1000 mg/L Lead with e-pure to create a 4.9 ppm solution to be 
used in all of our experiments for consistency. The concentration was measured on the 
atomic absorption spectroscopy each time we conducted an experiment to verify the 
concentration. 
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Lead Removal as a Function of Lead vs. [bmim][PF6] Ratio 
 
The optimum contact time was determined for the mass transfer of lead from 
water to [bmim][PF6] to reach completion.  It is concluded that the remainder of the 
experiments should have a contact time between [bmim][PF6] and lead nitrate to be less 
than 10 minutes.  Although it is difficult to pinpoint a single time that generates the most 
removal of lead, a contact time below 10 minutes portrayed a trend of higher lead 
removal.  Once the sample is in contact for more than 10 minutes the lead removal 
becomes less efficient.  
 
Lead Levels as a Function of pH Levels 
 
The optimum pH was determined to be 5.33. However there is only a 2.72 % 
removal difference between the neutral test point of 7.13 and the optimum test point of 
5.33. Since this is not a significant difference we determined that the pH does not need to 
be adjusted for higher removal of lead in our design of a system for remediation.  
Settling Rate of [bmim][PF6] in Water 
 
When the mixture was allowed to settle, most of the [bmim][PF6] sunk down to 
the bottom, however it was noticed that the ionic liquid also collected in small bubbles on 
the sides of the beaker, above the water.  It was concluded that the adhesive force 
between [bmim][PF6] and containers is a concern that must be addressed later in the 
design of a system for field remediation techniques.  
 
Design of the Remediation System 
 
 After conducting the experiments, the results were used as a basis for the design 
of the full scale remediation system.  We researched superfund sites that had lead 
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pollution in groundwater to determine a current scenario that could be applied in to our 
remediation system.  We selected an EPA Superfund site in Woburn, Massachusetts that 
had a proposed pumping rate of 50 gallons per minute.  With the remediation scenario 
and results of the experiments, we designed a pump and treat system which included a 
rapid mix tank as well as a gravity decanter with a recirculation of the ionic liquid 
outflow.  
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INTRODUCTION 
 
Lead is one of the most abundant heavy metals in the earth’s crust and, since it is 
an element, it can not be degraded or transformed into another material. Only small 
amounts of lead enter the environment from its natural ore state. When lead is mined and 
processed through human activity, it is released into the environment in large quantities 
and after dispersal into the environment it is extremely difficult to clean-up. (U.S. EPA, 
2006) 
Prior to 1978 lead was widely used as an additive in paint and gasoline, with the 
early 1970s being the peak time for the use of leaded gasoline.  Since 75 percent of lead 
is not used during the combustion of gasoline, lead would be left as a fine dust on 
roadways where it entered the environment.  Because of this use of lead, it is estimated 
that four to five million metric tons of lead was introduced into the environment (Mielke, 
1998).  Therefore, in 1978 the United States Consumer Product Safety Commission 
banned the use of lead as an additive. Strong federal and state efforts were made between 
1970 and 1990 to control lead exposure, which was one of the most significant public 
health successes in the last half of the 20
th
 century, and still continues today. (CDC, 
2005) 
More recently, lead is the fifth most important metal in the United States (U.S.) 
economy in terms of consumption, producing domestically about 85% of the primary 
lead used (U.S. EPA, 2006). According to the current Environmental Protection 
Agency’s (EPA) Toxic Release Inventory nearly 32 million pounds (lbs) of lead and lead 
compounds were disposed of off-site in 2005 by U.S. industries. Additionally, another 
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469 million lbs of lead and lead compounds were disposed of on-site at these industries. 
(U.S. EPA, 2007) 
Because of past and current industrial activities, lead has become a common 
contaminant at Superfund sites throughout the U.S. When it is naturally occurring, the 
concentration of lead in the soil ranges from 7 to 20 parts per million (ppm) and averages 
10 ppm in the United States. However, the high levels of lead contamination in the 
environment created by industrial activities have caused the United States EPA to place 
the restriction on the contamination of lead in soil of 400 ppm. (NAMSD, 2006)   
As with soil, lead contamination can be seen in water systems throughout the 
United States. In 2006 the EPA estimated that approximately 600 groundwater systems 
and about 215 surface suppliers may have water leaving the treatment plant with lead 
levels greater than 0.005 mg/L, exceeding the maximum contaminant limit of zero. The 
majority of this lead contamination is due to corrosion of old water pipes or solder, made 
from lead. Also in 2006 the EPA determined that about 10 million lead service lines or 
connections were in operation in the water distribution systems of the U.S and about 20 
percent of all public water systems had lead lines or connections within their distribution 
system. (U.S. EPA, 2006) 
According to the Center for Disease Control (CDC) lead has no useful purpose in 
the human body and when it is present it can have negative effects on every organ 
system.  It is especially damaging to children and can have harmful effects on the brain 
development of children exposed to lead contamination. (CDC, 2005)  Mielke (1998) 
states that in 1998 there was 10 million metric tons of lead in the environment that young 
people could become exposed to, possible coming in contact with a maximum daily 
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amount of 6µg per day. Additionally, due to lead use in the United States, as of 1998, 12 
million children have been introduced to lead and the negative effects that accompany 
being exposed to it. (Mielke, 1998) 
Since lead creates such a risk to humans and the environment, it is important to 
reduce the levels that contaminate the soil and water systems throughout the world.  As 
clean up of these contaminated sources continues innovative methods of remediation will 
need to be introduced to increase efficiency and reuse. As remediation technology 
advances the reuse of Brownfields as well as water sources will become more frequent 
and safe.  
In order to develop a comprehensive study on the use of the ionic liquid 1-Butyl-
3-methylimidazolium hexafluorophosphate ([bmim][PF6]) in the removal of lead from 
water, our group examined the properties of lead as well as [bmim][PF6]. Additionally, 
we investigated current remediation methods of lead present in water.  This gave our 
group a better understanding of the current situation dealing with lead removal from 
water. 
Our group conducted further research which included experiments that we 
designed to determine the optimal conditions to extract the highest percentage of lead. 
With this information we designed a full scale system that could be used in the field 
during remediation of lead contaminated water. In addition, based on the experiments and 
the design process we determined other ways [bmim][PF6] could be used in combination 
with other current remediation technologies to optimize clean up efforts.  
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BACKGROUND 
 
 The objective of this project is to research the viability of using the ionic liquid 1-
Butyl-3-methylimidazolium hexafluorophosphate ([bmim][PF6]) to effectively remove 
lead from contaminated water. Information contained in the discussion of our background 
chapter will focus on lead contamination in the environment and current methods of 
removal as well as known properties of ionic liquids. Concluding the background chapter 
is a discussion of the ionic liquid [bmim][PF6] used in our experiments.  
Lead 
Lead is a naturally occurring heavy metal in the earth’s crust. However, as a result 
of both historical and current human activities lead has become widely dispersed 
throughout the environment. Since lead is largely available and has a variety of 
applications, the use of lead dates back to ancient times.  The past applications of lead, 
including industrial and residential practices have, resulted in the diffusion of lead into 
the environment. (LDAI, 2001) 
Within the United States lead enters the environment as a result of industrial and 
residential practices. Currently the dispersal of lead into the environment is a result of 
mining, ore processing, smelting, refining use, recycling or disposal. However, historical 
applications such as the use of lead as an additive have also released lead into the 
environment. In the 1920’s lead was added to gasoline to improve engine performance. 
Additionally, the residential uses included using lead as an additive in paint and as solder 
for water pipelines. (CDC, 2005) 
As more information about the negative health effects of lead ingestion began to 
surface more restraints were placed on the applications of lead.  The United States 
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banned the use lead as an additive or solder in 1976 and implemented strict contaminant 
limits. (CDC, 2005) 
Although, the current use of lead has been controlled in most developed countries 
the negative effects of both historical and current applications can be seen in the 
environment today.  The past combustion of leaded gasoline in car engines created lead 
salts which pollute soil and surface water in addition to the atmosphere. Also, old 
waterlines made out of lead piping or with lead solder causes pollution of soil and water 
due to corrosion. Additionally, current industrial sources including crop enhancers, 
improperly disposed of batteries, and improperly stored metal parts contribute lead that 
can leach into the environment causing pollution of both surface water and soil. Once 
lead is released into the environment it migrates to pollute air, soils and water.  Lead is 
difficult to remove and can remain indefinitely as dust in the environment. (U.S. EPA, 
2006; Sarkar, 2002) 
Aquatic Chemistry 
 
Lead has three oxidation states that should be considered when looking at aqueous 
reactions, IV, II and 0.  Pb(IV) is so insoluble that the species it forms do not need to be 
considered in the aqueous phase. Pb(II) dissolves in the aqueous phase to form six 
compounds including Pb
2+
, Pb(OH), Pb(OH)2, PbCO3, Pb3(CO3)2(OH)2  and Pb(OH)3
-
. 
Finally, Pb(0) as with Pb(IV) has a negligibly small dissolved concentration. (Pankow, 
1991) 
Common Analytical Methods 
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Many analytical methods exist for the measurement of lead concentrations in 
environmental samples. A comparison between methods is usually based on assessments 
of measurement sensitivity, accuracy and reproducibility.  One of the most commonly 
used methods is Atomic Absorption Spectrometry.  
Atomic Absorption Spectrometry 
 
 
     Figure 1: Atomic Absorption Spectrometry 
 
The Atomic absorption spectroscopy (AA) (see Figure 1) is an analytical 
technique that is used for measuring the concentrations of elements.  The instrument can 
discern down to parts per billion in a sample.  It is one of the most common instrumental 
methods for analyzing metals and some metalloids. (RSC, 2008)  The AA has many 
different uses including: 
 Clinical analysis: to detect metals in biological fluids such as blood and 
urine 
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 Environmental analysis: to find levels of various elements in rivers, 
drinking water, and air. 
 Pharmaceuticals: to detect metals to find the amount of catalyst present in 
the final product 
 Industry: where many raw materials are examined to check that the major 
elements are present and toxic impurities such as lead are lower than 
specified  
 Mining: using the AA to find the amount of metal in a sample 
(RSC, 2008) 
Operation 
 
            
Figure 2: Operation of AA 
 
The AA works under the law that states that matter absorbs light at the same wave 
length at which it emits light.  The technique of flame atomic absorption spectroscopy 
uses a liquid sample that mixes with combustible gases (see Figure 2).  The mixture is 
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ignited in a flame with temperatures ranging from 2100 to 2800 degrees Celsius.  During 
the combustion, the atoms of the element of interest become free, unexcited ground state 
atoms which then absorb a light at a specific wavelength.  The light comes from a lamp 
that has a cathode made up of the element being determined.  A photomultiplier detects 
the reduction of light intensity due to absorption by the analyte, which is directly related 
to the element. (Ma, Gonzalez 1997)  
 
Figure 3: AA Detection Steps 
 
 The basic parts of an AA include a hollow cathode lamp, a nebulizer, a flame, a 
monochromator and a photomultiplier tube.  The hallow cathode lamp provides the 
analytical lamp line for the element of interest.  The nebulizer absorbs the liquid sample 
at a constant rate and crates a fine aerosol for introduction into the flame.  It mixes the 
aerosol, fuel and oxidant thoroughly before entering the flame for combustion.  The 
flame then destroys the analyte ions and creates atoms in elemental form.  The 
monochromator isolates the analytical lines’ photons passing through the flame and 
removes the scattered light of other wavelengths from the flame.  The photomultiplier 
determines the intensity of photons of the analytical line exiting the monochromator 
which relates to a specific element.   (Chasteen, 2000) 
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Calibration of AA 
 
 To be able to determine the unknown concentration of an element in a solution a 
calibration curve is used.  The calibration curve is created by using several solutions of 
known concentrations which produce a curve that is continually rescaled as more 
concentrated solutions are used. The known solutions are tested with the AA which 
generates the absorbance of the known concentration. These absorbance values are then 
graphed as Concentration vs. Absorbance (see Figure 4). An absorbance value is 
measured by the AA for the unknown concentration and the Concentration vs. 
Absorbance graph is used to determine the unknown concentration (see Figure 5). (RSC, 
2008)   
 
        Figure 4: Calibration of known Concentrations 
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   Figure 5: Curve used to determine unknown concentrations 
   
Remediation Treatment 
 
The lead pollution due to human production causes a lead-cycle that is much more 
extended than the natural lead-cycle. Since lead can remain in the environment 
indefinitely and cannot be broken down only converted to another form, polluted media 
must be treated. Currently, lead is removed through various treatment methods. (U.S. 
EPA, 2007) 
In Situ 
Phytoremediation 
 
Phytoremediation is an in situ process that removes contaminants such as fuels, 
VOCs, SVOCs and metals through the use of vegetation. During this process, plants and 
tress are used to remove contaminants from soil and water sources near the surface by 
taking up contamination in a process called phytoextraction. Once the remediation 
process is complete the plants can be destroyed to eliminate contamination or left onsite 
for continual treatment. (EnviroTools, 2005) 
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Once contaminants are absorbed by the plant-life a few processes can happen 
other than the retention of the contaminant within the plant. Phytodegredation is a process 
where organic contaminants are broken down by enzymes secreted by the plants.  
Additionally, phytovolatilization occurs when a contaminant is passed through the plant 
and evaporated into the atmosphere. (EnviroTools, 2005) 
Ex Situ 
Pump and Treat  
 
 One of the most common forms of groundwater treatment, pump and treat 
removes groundwater from the subsurface and treats the groundwater above ground.  A 
series of extraction wells are designed, based on site characteristics, and monitored 
throughout the process to maximize effectiveness of treatment. The water is pumped 
from the extraction wells into holding tanks. Once removed, treatment is done before the 
groundwater is discharged, often back into an aquifer away from the contamination. 
(EnviroTools, 2005) 
 Pump and treat can be used to remediate sites with a variety contaminates 
including dissolved minerals, fuels and dissolved metals. However, there are some 
limitations to this technology which include the length of time needed to meet treatment 
goals. Pump and treat typically takes from 5 to 10 years but can take decades depending 
on the type and amount of chemicals present as well as the ground characteristics.  
Additionally, extracting groundwater could leave residual contaminant sorbed to the soil 
which may become dissolved again when water levels rise. (CPEO, 1998; EnviroTools, 
2005) 
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            Figure 6: Pump and Treat Process 
  
Chemical Precipitation 
 
With this process chemicals are added to an aqueous solution of groundwater and 
contaminants. These chemicals react with the contaminant separating it from the water. 
The contaminant then either floats to the top or sinks to the bottom and can be removed. 
(EnviroTools, 2005) 
Reverse Osmosis 
 
This method removes substantial amount of inorganic contaminants, 
microorganisms and many organic chemicals. Reverse osmosis uses large amounts of 
water to create pressure in the treatment process. Typically, 75 percent of the water being 
treated is discarded with the contaminants. (EnviroTools, 2005) 
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The process of reverse osmosis includes the removal of material such as dirt, 
sediment, and other impurities that could clog or damage the reverse osmosis membrane. 
Then the water is held in a pressurized water storage container which is passed through 
an activated carbon filter removing organic compounds. Water is next passed through a 
membrane under pressure in order to remove contaminants. At the end of treatment, 
contaminants are collected in a highly concentrated stream which must be treated. 
(EnviroTools, 2005) 
Ion Exchange 
 
Ion exchange is an ex situ remediation method used to remove metals. This 
process uses ions from an ion exchange resin to exchange with contaminant ions in an 
aqueous solution containing the contaminant. Some drawbacks to this technology are the 
cost and disposal problems that are associated with the resin. Additionally, the removal 
efficiency also decreases when multiple metals are present. (EnviroTools, 2005) 
Ionic Liquids 
 
The history of ionic liquids extends back to the 19
th
 century when the first room 
temperature ionic liquid [EtNH3] [NO3] was discovered in 1914 by Latvian chemical 
engineer, Paul Walden. At this time, there were still undiscovered properties of ionic 
liquids. Initially ionic liquids were used as electrolytes in batteries and for electrolysis. 
However, the discovery of binary ionic liquids made from mixtures of aluminum (III) 
chloride and N-alkylpyridinium [6] or 1,3-dialkylimidazolium chloride generated interest 
in this group of chemicals. (Rogers & Seddon, 2003) 
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Further research and synthesis of ionic liquids demonstrated that the structure of 
ionic liquids can fabricate many desirable properties. Ionic liquids are salts made entirely 
of ions. They are made up of two components, an anion and a cation. Generally, one or 
both of the ions are large and the cation has a low degree of symmetry, which reduces the 
crystal lattice energy. Because these ions are poorly coordinated, the ionic liquids have a 
melting point below 100 °C or sometimes even at room temperature. In addition, ionic 
liquids are typically composed of one ion with a delocalized charge and one organic 
component, preventing the formation of a stable crystal lattice. (Rogers & Seddon, 2003) 
There are two common types of ionic liquids: simple salts and binary ionic 
liquids. Simple salts are ionic liquids composed of a single anion and cation. 
Additionally, they show simple melting behavior.  Whereas, the melting points of binary 
ionic liquids depends on the composition of the ionic liquid. (Rogers & Seddon, 2003) 
Because of their structure, ionic liquids are often referred to as designer solvents. 
They have the ability to be modified, to produce a set of desired properties. Properties 
such as melting point, viscosity, density and hydrophobicity can be varied with a change 
in structure. (Rogers & Seddon, 2003) 
Synthesis 
 
 There is a current focus on the research of the synthesis of new ionic liquids, 
which is necessary to better understand the chemistry of ionic liquids.  General synthesis 
of the preparation of 1-alkyl-3-methylimidazolium [Cnmim]
+
 ionic liquids involves an 
acid-base procedure. The first step produces a 1-alkyl-3-methylimidazolium halide 
precursor. Microwave radiation is used during this stage in order to reduce the high cost 
and time involved. (Rogers & Seddon, 2003) 
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The second step is a neutralization reaction involving a metal salt or an acid-base. 
This reaction produces a stoicheiometric amount of waste, which are trapped by the ionic 
liquid and contaminate it. This halide contamination is an incomplete conversion of the 
[Cnmim]X precursor to the target ionic liquid. (Rogers & Seddon, 2003) 
Although this synthesis method of ionic liquids derived from halide-containing 
materials is widely used there are other procedures used to eliminate the halide 
contamination output.  Three such procedures involve the use of fluorinated esters, alkyl 
sulfonates and free carbenes. (Rogers & Seddon, 2003) 
Applications 
 
Ionic liquids currently have many uses as well as possessing great potential in 
many industrial applications with further research. They are homogenous and 
heterogeneous catalysts and can also be used as an alternative to traditional organic and 
inorganic solvents.  Furthermore, they can be applied as biological reaction media since 
enzymes are stable in ionic liquids which give the possibility of using ionic liquids in 
biological reactions such as the synthesis of pharmaceuticals.  Ionic liquids have the 
possibility of treatment of high-level nuclear waste since ionizing radiation does not 
affect ionic liquids.  Certain ionic liquids have been found to be able to remove metal 
ions such as cadmium and mercury from contaminated water since ionic liquids are 
insoluble in water making it easy to separate.  Finally, it can also be used in the 
purification of gases. Ionic liquid have been seen to selectively dissolve and remove 
gases and could be used for air purification on submarines and spaceships. (Donata, 
2004) 
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1-Butyl-3-methylimidazolium hexafluorophosphate 
 
 1-Butyl-3-methylimidazolium hexafluorophosphate ([bmim][PF6]) is a colorless 
liquid with many favorable qualities.  Since this ionic liquid is based on 
methylimidazolium, it has a wide range of temperatures at which it remains a liquid.  
With a melting point of -80°C, [bmim][PF6] is also a liquid at room temperature. 
(Chemada, 2006) 
 High stability is an important quality for a substance to possess.  [bmim][PF6] is 
stable in both air and water (Huddleston, 1998).  It is also very viscous. At 298 K the 
ionic liquid’s viscosity is 312 mPa-s (see Figure 7) whereas water, in the same 
conditions, has a viscosity of 1 mPa-s (Merck, 2006).  The density of [bmim][PF6] is 1.37 
g/cc at 20°C.  Its molecular formula is C8H15F6N2P (see Figure 8) and therefore has a 
weight of 284.18 (Chemada, 2006).  Additionally, Figure 9 displays its three dimensional 
model, in which the red regions refer to areas of high relative negative charge and the 
blue to high relative positive charge. (Magin, 2005) 
 
 
Figure 7: Viscosity Curve for [bmim][PF6] (based on Sigma Aldrich, 2007) 
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Figure 8: Structure of [bmim][PF6]   (Sigma Aldrich, 2007) 
 
 
 
Figure 9: 3D model of [bmim][PF6]  (Maginn, 2005) 
 
 
  Ionic liquids can be used in extraction processes to remove organics, inorganics, 
and metals.  [Bmim][PF6] is hydrophobic and is immiscible in water.  This makes the 
substance ideal for liquid-liquid extractions (Huddleston, 1998).  If the solute is also 
hydrophobic, it easily dissolves into the ionic liquid upon contact with the solution.  
Table 1 summarizes other physical-chemical characteristics of [bmim][PF6]. (Dupont, 
2000) 
Table 1: Physical and Chemical Properties of BMI.PF6 at 30 °C (based on Dupont, 2000) 
 
Ionic 
Liquid 
ηa 
(Poises) 
d
b 
(g mL
-1
) 
k
c 
(10
-2
S cm
-1
) 
Tg
d 
(°C) 
H2O 
Hex.
g 
Ar
h 
Alc.
i 
BMI.PF6 3.12 1.37 0.656 -61
j
 No No Yes Yes 
Notes: 
a
Viscosity (1P= 0.1 kg m
-1
s
-1
); 
b
density, 
c
electrical conductivity at 60°C; 
d
glass 
transition; 
e
50% by weight solutions; 
g
hexames, 
h
aromatics, 
i
methanol and 
ethanol, 
j
Tg=-61°C 
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Methodology 
 
This project aims to determine whether the ionic liquid 1-butyl-3-
methylimadazolium hexafluorophosphate ([bmim][PF6]) is an effective method in lead 
removal from contaminated water. The focus of our background research involved 
identifying the characteristics of both lead contamination and ionic liquids. This helped 
us identify the possibilities of remediation with ionic liquids. After our background 
research was complete our group was able to develop a set of objectives it will achieve at 
the project’s conclusion. These objectives include: 
5. Investigate [bmim][PF6] ability to remove lead in water. 
6. Identify possible factors affecting the efficiency of [bmim][PF6]  to remove 
lead in water. 
7. Design a system to be used in the field during remediation. 
8. Make recommendations for feasibility of the use of ionic liquids for 
remediation based on experimentation and design. 
Solubility of [bmim][PF6] 
 
Past research indicated that [bmim][PF6] experimentally is miscible in water, even 
though in theory it is supposed to be immiscible (Appiah, 2005).  In order to account for 
this possible source of error in our experiments, our first experiment tested if e-pure 
would diffuse into [bmim][PF6] if left in contact for 24 hours. After discovering the 
amount that would make a stable mixture, the remainder of the experiments could be 
completed with this ionic liquid solution, which would account for the amount of water 
that may dissolve into the ionic liquid. 
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 50 μL of [bmim][PF6] was pipetted into a 5 mL vial.  Following this 
measurement, 5.0 μL of e-pure was pipetted directly into the same vial.  It was hand-
shaken for two minutes with observations taken throughout the time interval.  The 
mixture was then topped with a rubber stopper and left in contact for three days. 
Standard Curve 
 
To test lead concentration on the Atomic Absorption Spectrometer (AA) a series 
of standard lead solutions were created to produce a standardized curve. The standardized 
curve was created each time a series of vials needed to be tested for lead concentration. 
Before creating the standard samples the pipettes were measured for accuracy. To 
make the standard samples, concentrations of 0.2ppm, 0.5ppm, 1.0ppm, 5ppm, and 
10ppm, 50mL of e-pure was mixed with a certified standard of 1000µg/mL Pb in 50mL 
centrifuge vials. Additionally, 3µL of nitric acid was added to maintain an acidic sample. 
 
Preparation of Lead Nitrate Stock Solution 
 
According to the solubility curve for lead nitrate (see Figure 10) the highest 
amount of lead nitrate able to be dissolved into e-pure at room temperature is about 375 g 
per dm
3
. However, the concentration of lead needed to be between the AA calibration 
values determined using the standard curve in the previous experiment. Therefore, the 
amount of lead nitrate that was dissolved into e-pure to create our stock solution was 
based on the highest concentration of lead the AA could measure accurately instead of 
the solubility of lead nitrate. 
32 
 
 
Figure 10: Solubility of Lead Nitrate in Water (Based on BBC, 2007)  
 
For consistency with the concentration of the lead nitrate solution throughout our 
experiments a 5 ppm stock solution was created in a 300 mL volumetric flask. The 
mixture was stirred with a magnetic stirrer until the lead nitrate powder dissolved. The 
solution was measured on the AA to determine the final concentration. Following the 
concentration measurement the sample was stirred for 24 hours prior to use. 
Determining Kinetics for Mass Transfer of Lead to [bmim][PF6] 
 
A 4.9 ppm lead solution was prepared using the procedure explained in the 
Preparation of Lead Nitrate Stock Solution section above.  Twelve test vials were 
prepared each with 0.25 µL of [bmim][PF6] and 1.5 mL of 4.9 ppm lead solution. Two 
vials for each contact time of 1minute, 15 minutes, 40 minutes, 1 hour, 2 hours, 5 hours, 
and 12 hours. Each vial was capped and hand shaken for 2 minutes before being placed 
on the floor shaker for their designated contact times.  The samples were taken off of the 
floor shaker 5 minutes prior to their ultimate contact times in order to allow the material 
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to settle. At the end of each contact time, the liquid solution was extracted from the vial 
and measured with the AA. 
 Once this first trial was completed, a smaller time range was targeted to achieve a 
more accurate time frame of when the reaction had completed.  The procedure was 
identical to the process used in the first trial, but the contact times included 5 minutes, 10 
minutes, 20 minutes, 25 minutes, and 30 minutes.   
Lead Removal as a Function of Lead vs. [bmim][PF6] Ratio 
 One mL of [bmim][PF6] was pipetted into 12 different 50 mL vials.  Different 
quantities of 4.9 ppm lead nitrate were then added to each of the vials.  Two vials were 
prepared for each quantity of lead nitrate. The amounts included 0.5mL, 1mL, 2mL, 
5mL, 10mL, and 15 mL of lead nitrate.  After each amount of lead nitrate was added to 
the 1 mL of [bmim][PF6], the vial was hand-shaken for 2 minutes then put onto the floor 
shaker for 5 minutes.  Then, the solution was taken off the shaker and allowed to settle 
for 2 minutes.  Finally, the lead nitrate was pipetted off of the solution and measured on 
the AA to detect how much lead still remained in solution.  If a solution was less than 1 
mL, the minimum amount required for measurement on the AA, then the solution was 
diluted. From this data the optimum ratio of lead nitrate solution to [bmim][PF6] could be 
calculated.  
Lead Removal as a Function of pH Levels 
 Using the optimum ratio observed in the section above, ten different samples were 
prepared, each with 1 mL of [bmim][PF6] and 2 mL of 4.9 ppm lead nitrate at a desired 
pH. Two vials for each pH value of 3, 5, 7, 9, and 11 were prepared. A 6 mL sample of 
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4.9 ppm lead nitrate was measured into a 50 mL centrifuge vial. The initial pH of the 4.9 
ppm lead nitrate was calculated. Then 0.1N HCl was added in small quantities to create 
the desired acidic solution. Following, another 6 mL sample of 4.9ppm lead nitrate was 
measured into a 50 mL centrifuge vial and 0.1N NaOH was added to create the desired 
basic solutions.  Once the desired pH was reached 2 mL of the adjusted lead nitrate 
solution was pipetted into the 50 mL centrifuge vials already containing the 1 mL of 
[bmim][PF6].  All of the samples were capped and placed on the shaker for 5 minutes. 
Afterward the samples were allowed to settle for another 5 minutes.  The liquid solution 
was extracted and measured with the AA to examine the amount of lead that was 
removed.  
Settling Rate of [bmim][PF6] in Water 
 From observations made during experimentation, it seemed as though the settling 
rate of the two liquids was a very speedy process.  To retrieve specific data, we 
conducted a series of short experiments to observe the settling rate of [bmim][PF6] in the 
4.9 ppm lead nitrate.  First 0.5 mL of [bmim][PF6] was measured into 6-2 mL vials.  
Then 1 mL of 4.9 ppm lead nitrate was added to each. Two vials were created for each 
contact time of 1, 3, and 5 minutes.  The mixtures were hand shaken for their respective 
time periods.  Following, the vials were observed to see how long it took for the 
[bmim][PF6] and lead nitrate solution to separate. 
 Further experiments were conducted to observe other characteristics about the 
way that [bmim][PF6] settled in the mixture.  In a 250 mL glass beaker, 50 mL of lead 
nitrate was measured.  First 0.5 mL of [bmim][PF6] was pipetted into the center of the 
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beaker, after that 0.5 mL was pipetted on the side of the same beaker.  Lastly, the mixture 
was hand shaken for five minutes and the settling behavior was observed. 
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Results and Discussion 
 
 To determine if the Ionic Liquid [bmim][PF6] was effective in removing lead 
from contaminated water we conducted a series of experiments. Contained in the section 
are the results of our experiments in addition to a section on innovative ways the ionic 
liquid can be used in combination with today’s current remediation techniques. 
Solubility of [bmim][PF6] 
Immediately as the e-pure was pipetted into the [bmim][PF6] it formed a bubble 
separate from the ionic liquid.  As the solution was shaken, the e-pure formed smaller 
bubbles but once the mixture was left to settle, the e-pure coagulated back together.  
After the three day sitting period, it was observed that the e-pure evaporated out of the 
[bmim][PF6] and was on the sides of the vial.  Upon re-contact with the ionic liquid, the 
e-pure once again formed bubbles. Because of these observations, it was concluded that 
[bmim][PF6] is immiscible with water.  Therefore, for the remainder of the experiments, 
concerns with mixture of e-pure into the ionic liquid were insignificant.   
Although in our test experiment we did not observe any dissolving of e-pure into 
[bmim][PF6] one explanation for the prior problems the previous MQP group had could 
be the hydrolyzing of [bmim][PF6].  Consequently, in our experiments, the contact time 
between e-pure and [bmim][PF6] will be minimized to reduce any possible effects of 
hydrolyzing that we might not have observed during our experiment. 
Standard Curve 
 
 The amount of 1000µg/mL Pb to add to the 50mL e-pure was determined based 
on the desired concentration using Equation 1. 
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Equation 1: Amount of Lead 
[𝐷𝑒𝑠𝑖𝑟𝑒𝑑  𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑝𝑝𝑚)  ∗  𝐴𝑚𝑜𝑢𝑛𝑡 𝑒 − 𝑝𝑢𝑟𝑒 (µ𝑔 )]
1 𝑚𝑖𝑙𝑙𝑖𝑜𝑛
 =  𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 1000 
µ𝑔
𝑚𝐿
 𝑃𝑏 (µ𝑔) 
 
The calculations for each desired concentration can be seen in Table 2. 
Table 2: Summary of Calculations for Amount of Lead in Solution 
Desired Concentration 
(ppm) 
Amount of water 
(µL) 
Amount of Pb 
(µg) 
0.2 50000000 10 
0.5 50000000 25 
1 50000000 50 
5 50000000 250 
10 50000000 500 
 
These concentrations were then measured with the AA to generate a standard 
curve (see Figure 11.)  The standard curve was generated each time we used the AA to 
test samples to eliminate the possible error of variation of lead concentrations within the 
standard samples due to separation over time. However, the standard curved remained 
reasonably constant throughout the experiments.  
Figure 11: Stock Lead Solution AA Curve 
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In a glass beaker we measured 500 mL of e-pure water and added 10.0 g of lead 
nitrate.  Using a glass stirrer we dissolved the lead nitrate in the e-pure.  We measured the 
concentration using the atomic absorption spectroscopy (AA) getting an absorbance value 
of 2.815.  This was determined to be too high because we needed the reading to be lower 
than the highest calibration point of approximately 0.063.  In a separate 500 mL glass 
beaker, we added 35 µl of the first solution and stirred for a minute.   We measured the 
concentration using the AA with a reading of 0.024 which was an acceptable value within 
the calibration curve extents.  
Determining Kinetics for Mass Transfer of Lead to [bmim][PF6] 
 This experiment was conducted in order to determine the optimum contact time 
needed for the mass transfer of lead from water to [bmim][PF6] to reach completion.  
Identical mixtures of 0.25 mL of [bmim][PF6] and 1.5 mL of 4.9 ppm lead were prepared 
and the lead removal was measured on the AA after the specified amount of time.   
Once the readings were acquired from the AA, a different trend line was created for each set of 
for each set of samples.  The concentration of lead nitrate was then solved for using Equation 2.   
 
 
 
 
Table 3 summarizes all of the calculations.  
Equation 2: Lead Concentration 
𝐴𝐴 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 =  𝑠𝑙𝑜𝑝𝑒 ∗ (𝑃𝑏 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛) +  𝑦𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 
 
𝑃𝑏 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =  
(𝐴𝐴 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 –  𝑦𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡)
𝑠𝑙𝑜𝑝𝑒
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Table 3: Summary of Calculations for Lead Concentration 
Sample Time Mixed 
(min) 
Slope Y-intercept AA reading Pb Concentration 
(ppm) 
1.1 1 0.00688 0.00261 0.014 3.311 
1.2 1  0.00688 0.00261 0.014 3.311 
2.1 15  0.00659 0.00199 0.010 2.243 
2.1 15  0.00659 0.00199 0.010 2.243 
3.1 40  0.00672 0.00196 0.013 3.286 
3.2 40  0.00672 0.00196 0.014 3.435 
4.1 60  0.00654 0.00015 0.012 3.624 
4.2 60  0.00654 0.00015 0.014 4.235 
5.1 300  0.00600 0.00000 0.013 3.286 
5.2 300  0.00600 0.00000 0.013 3.286 
6.1 720  0.00652 -0.00037 0.011 3.261 
6.2 720 0.00652 -0.00037 0.009 2.647 
 
 Once the lead concentration was calculated the average of the two samples for 
each contact time was taken. This average was graphed in relation to the log of the time 
Figure 12.  
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Figure 12: Summary for Time Variation 
 
We determined that the greatest quantity of lead removed would signify the ideal 
contact time. According to Figure 12 the highest amount of lead removal was noticed at 
15 minutes.  Therefore, we determined that the ideal contact time between the lead nitrate 
solution and [bmim][PF6]  is around 15 minutes.  
However, since there is a large time lapse between the 15 minutes and 40 minutes 
test points, more experiments were conducted at more frequent intervals during this time 
frame to pinpoint a more specific range in which the reaction reaches completion.   The 
same procedure as before was followed for this set of experiments.  A single trend line 
was created as shown in Figure 13.  The remaining lead concentration was again solved 
for using Equation 2.  Table 4 summarizes the new calculations completed.  The average 
for each time period was then graphed in relation to the log time (see Figure 14.) 
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Figure 13: AA Curve for Lead Concentration  
 
 
Table 4: Summary of Calculations for Lead Concentration 
Sample Time Mixed 
(min) 
AA reading Remaining Pb Concentration 
(ppm) 
7.1 5 0.016 2.24 
7.2 5 0.013 1.74 
8.1 10 0.014 1.91 
8.2 10 0.014 1.91 
9.1 20 0.014 1.91 
9.2 20 0.016 2.24 
10.1 25 0.015 2.07 
10.2 25 0.017 2.41 
11.1 30 0.016 2.24 
11.2 30 0.016 2.24 
12.1 35 0.017 2.41 
12.2 35 0.018 2.57 
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Figure 14: Summary for Lead Removal Varying with Time 
 
 
From these results, it is concluded that the remainder of the experiments should 
have a contact time between [bmim][PF6] and lead nitrate to be less than 10 minutes.  
Although it is difficult to pinpoint a single time that generates the most removal of lead, a 
contact time below 10 minutes portrays a trend of higher lead removal.  Once the sample 
is in contact for more than 10 minutes the lead removal becomes less efficient.  
Lead Removal as a Function of pH Levels 
 In order to determine alternative variables that might impact the amount of lead 
removal, pH was researched. The initial pH of the 4.9 ppm lead nitrate was 7.19.  0.10 
HCl and 0.10 NaOH was added to create the desired acidic and basic samples, 
respectively.  Table 5 summarizes the chemical additions and final test sample pH values.  
To calibrate the AA, known standards were graphed as lead concentration versus 
absorbance (see Figure 15.) 
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Table 5: pH Adjustment Summary 
Sample Desired pH Initial pH Chemical Addition Final pH 
1 3.0 7.38 10.0µL HCl 3.4 
2 5.0 6.48 5.0µL HCl 5.33 
3 7.0 7.19 0 7.19 
4 9.0 7.22 5.0µL NaOH 9.45 
5 11.0 7.31 30.0µL NaOH 10.68 
  
   
Figure 15: Known Standards 
 
These points were fitted with a trend line, as displayed on the graph.  Using the AA readings 
AA readings obtained from the test samples, the concentration of lead nitrate was solved for in the 
for in the following with  
 
 
 
 
Equation 3.  Table 6 summarizes the remaining concentration for the different 
samples of pH adjusted lead nitrate. 
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Equation 3: Lead Concentration 
𝐴𝐴 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 =  0.0057(𝑃𝑏 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛) −  0.009 
 
𝑃𝑏 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =  
(𝐴𝐴 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 +  0.009)
0.0057
 
 
Table 6: Summary of Remaining Lead 
Sample pH AA reading Remaining Pb Concentration 
1.1 3.4 0.001 0.2 
1.2 3.4 0.002 0.4 
2.1 5.33 0.000 0.0 
2.2 5.33 0.001 0.2 
3.1 7.19 0.001 0.2 
3.2 7.19 0.001 0.2 
4.1 9.45 0.005 0.9 
4.2 9.45 0.004 0.9 
5.1 10.68 0.009 1.8 
5.2 10.68 0.009 1.8 
 
To ensure that the 4.9 ppm stock solution had not separated its concentration was measured at the 
measured at the end of the experiment to ensure consistency. Using  
 
 
 
 
Equation 3, the initial concentration of the lead nitrate stock solution was 
calculated to be 4.6ppm. 
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 Since quantities of acids and bases were added to each test sample to obtain a 
desired pH, the initial concentration before contact with [bmim][PF6] would be different 
than that of the stock solution.  The diluted concentration was solved for with Equation 4.  
Table 7 summarizes these calculations for the test samples’ concentrations. 
Equation 4: Final Concentration of Lead 
(𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑒𝑎𝑑)𝑖𝑛𝑖𝑡𝑖𝑎𝑙  ∗ (𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑙𝑒𝑎𝑑 𝑛𝑖𝑡𝑟𝑎𝑡𝑒)𝑖𝑛𝑖𝑡𝑖𝑎𝑙
=  (𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑒𝑎𝑑)𝑓𝑖𝑛𝑎𝑙  ∗ (𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛)𝑓𝑖𝑛𝑎𝑙  
 
(𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑒𝑎𝑑)𝑓𝑖𝑛𝑎𝑙  =  
(𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑒𝑎𝑑)𝑖𝑛𝑖𝑡𝑖𝑎𝑙  ∗ (𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑙𝑒𝑎𝑑 𝑛𝑖𝑡𝑟𝑎𝑡𝑒)𝑖𝑛𝑖𝑡𝑖𝑎𝑙
(𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛)𝑓𝑖𝑛𝑎𝑙
 
 
Table 7: Summary of Final Lead Concentration Calculations 
Sample Initial Concentration 
(ppm) 
Initial Volume 
(mL) 
Final Volume 
(mL) 
Final Concentration 
(ppm) 
1 4.6 6 6.015 4.588 
2 4.6 6 6.005 4.596 
3 4.6 6 6.000 4.600 
4 4.6 6 6.005 4.596 
5 4.6 6 6.030 4.577 
 
To evaluate the amount of lead removed for each pH level, the average 
concentration for the two samples was taken.  This number was then used to determine 
the percentage of lead removed according to Equation 5.  Table 8 summarizes the 
calculations for the different pH levels and Figure 16 displays the results graphically. 
 
Equation 5: Percentage of Lead Removed 
% 𝑅𝑒𝑚𝑜𝑣𝑒𝑑 =  100 − [
 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑒𝑎𝑑 𝑓𝑖𝑛𝑎𝑙
 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑒𝑎𝑑 𝑖𝑛𝑖𝑡𝑎𝑙
∗ 100] 
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Table 8: Summary of Calculations for Lead Removed  
Sample pH Initial Concentration 
(ppm) 
Final Concentration 
(ppm) 
Percent Removed 
1 3.4 4.588 0.3 93.46 
2 5.33 4.596 0.1 97.82 
3 7.19 4.600 0.2 95.65 
4 9.45 4.596 0.9 80.42 
5 10.68 4.577 1.8 60.67 
 
Figure 16: Graph of Percentage of Lead Removal 
 
A general trend can be observed when studying Figure 16.  When the solution had 
a higher pH level, the amount of removal was significantly lower than the other samples.  
Between the unadjusted pH and lower pH, however, there is much less variance in the 
removal rates.  The optimum pH value is at test pH 5.33. However there is only a 2.72 % 
removal between the neutral test point of 7.13 and the optimum test point of 5.33. Since 
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this is not a significant difference we determined that the pH does not need to be adjusted 
for higher removal of lead in our design of a system for remediation.  
Settling Rate of [bmim][PF6] in Water 
 When the mixtures of water and [bmim][PF6] were observed to determine the 
settling rate of [bmim][PF6] after mixture, the results were identical for each time period.  
We determined that most of the [bmim][PF6] settled down to the bottom in 2 minutes, yet 
a thin film remained on the surface of the water.  Figure 17 depicts the findings from all 
the samples. After 30 minutes, this separation was still the same and it was determined 
that no further separation was going to occur.   
 
Figure 17: Settling Behavior of [bmim][PF6] in Lead Nitrate 
 
 The remainder of the experiments were conducted in order to test what could be 
causing the film to lie on top of the surface of the 4.9 ppm lead solution.  Larger 
containers with increased amounts of 4.9 ppm lead were used because it was 
hypothesized that the size of the container impacted the settling of the [bmim][PF6].  It 
was found that when the [bmim][PF6] was pipetted into the center of the large beaker, it 
sunk right to the bottom of the lead nitrate, with none remaining on the top.  Therefore, it 
was concluded that the water’s surface tension did not force the [bmim][PF6] to create a 
thin film on the exterior. 
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 Next the [bmim][PF6] was dropped into the beaker as it touched the sides of the 
container.  This was to test the adhesive force between the chemical and the beaker.  
Most of the [bmim][PF6] did sink to the bottom, but a thin film did remain on the surface 
of the water.  Additionally the solution was then shaken to mix the water and 
[bmim][PF6].  When the mixture was allowed to settle, most of the [bmim][PF6] sunk 
down to the bottom, however it was noticed that the ionic liquid also collected in small 
bubbles on the sides of the beaker, above the water.  It was concluded that the adhesive 
force between [bmim][PF6] and containers is a concern that must be addressed later in the 
design of a system for field remediation techniques.  
Alternative Ways to Use Ionic Liquids 
 
Through our experiments, we demonstrated that ionic liquids could be used as a 
“green solvent” in removing lead from water.  However, more research needs to be done 
to make use of ionic liquids to their full potential.  In addition, our group researched 
current water treatment technologies and possible ways ionic liquids could be used in the 
field.  The different water treatment technologies that can be combined with ionic liquids 
include: Carbon Filtering, Membrane Filtration, and Pump and Treat.   
Carbon Filtering 
 
Activated Carbon is used to removes substances from water.  By definition, 
adsorption is “the collection of a substance onto the surface of adsorbent solids.”   
Activated Carbon uses the physical adsorption process where attractive forces pull the 
solute out of solution and onto its surface.  Once the solute is bound to the carbon it is 
considered removed from the water.  Activated carbon adsorption could be broken down 
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into three steps: substance adsorbs to the exterior of the carbon granules, then it migrates 
into the carbon pores and finally, the substance adsorbs to the interior walls of the carbon. 
(Reynolds and Richards, 1996) 
Activated Carbon is a very effective adsorbent material because it has a large 
number of cavernous pores that provides a large surface area relative to the size of the 
actual carbon particle.  An approximate ratio is 1 gram = 100 sq m of surface area. 
(Reynolds and Richards, 1996) 
 The group thought that carbon filtering is a possible way of applying the ionic 
liquid in the remedial process.  Activated carbon could be mixed with the ionic liquid.  
The contaminated water would run through the activated carbon filter where the 
contaminants such as lead could be adsorbed in the carbon.  The carbon is an inexpensive 
solution in the filtering process of water due to its high surface area.  However, before 
this application could be used more research needs to be done to see the actual removal of 
contaminants of activated carbon in combination with the ionic liquid.     
Membrane Filtration 
 
Cross-flow membrane filtration technology has the ability to produce very 
specific separations at low or ambient temperatures with no phase change.  Membrane 
filtration uses pressure to drive the separation of water from contaminants in semi-
permeable membrane.  Pore sizes range from 100 molecular weight to 5 microns. (GEA, 
2008) The different types of membrane include:  
Reverse Osmosis (RO) 
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Reverse Osmosis is a high pressure, energy-efficient means of de-watering 
process streams, concentration of low molecular weight compounds or clean-up of water 
effluents. (GEA, 2008) 
Nanofilitration (NF) 
 
Nanofiltration is designed to achieve highly specific separation of low molecular 
weight compounds. (GEA, 2008) 
Ultrafiltration (UF) 
 
Ultrafiltration is a selective separation step used to both concentrate and purify 
medium to high molecular weight components. (GEA, 2008) 
Microfiltration (MF) 
 
Microfiltration is a low pressure means of separating large molecular weight of 
suspended or colloidal compounds from dissolved solids.  (GEA, 2008) 
The use of membrane filters is another innovative way of applying ionic liquid in 
the remedial process.  The ionic liquid is mixed with the contaminated water using a 
rapid mix tank and then passed through the membrane filtration system.  Membrane 
technology shows a lot of promise because of its large range of filtration using different 
size pores.  The membrane could potentially separate the ionic liquid from the water but 
it could also separate other contaminants using semi-permeable membranes.  However, 
due to the limited scope of the project more research needs to be done to look into the 
actual application of membrane technology with the ionic liquid.  Furthermore, 
membrane technology such as Reverse Osmosis requires pressure to separate the water 
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from contaminants.  Pressure requires production of energy which could prove to be 
costly. (GEA, 2008) 
Pump and Treat  
 
Pump and Treat is a very typical remediation technology where the contaminated 
water is pumped out and treated in a facility.  Different treatments are used depending on 
what contaminant is treated.  The Pump and Treat technology fits in the scope and 
knowledge of our research and experimentation so our group selected Pump and Treat 
with Decanter as our Remediation system and is described in more detail in the design 
section. 
52 
 
Design of Remediation System  
When establishing the background information for our design of a decanter 
system we used a current EPA Superfund site in Massachusetts. Wells G&H, located in 
Woburn MA, is a Superfund site currently being remediated. This 330 acre area was the 
location of two wells developed in 1964 and 1967 to supplement the city’s water supply, 
supplying 30 percent of the city’s water. The wells were shut down in 1979 after several 
55-gallons drums of industrial waste were discovered near the wells. Five responsible 
parties were identified to be companies established near the wells contributing sources of 
contamination to the aquifer that was supplying the wells. In 1989, the EPA determined a 
plan for remediation and clean up of the site has been developing since.  
 The primary contaminates at the site were Volatile Organic Contaminants 
(VOCs). However, there was lead discovered in the groundwater at the portion of the site 
whose responsible party was Olympia. The pretreatment for lead and other constituents in 
the water was part of the remediation plan for the site. The proposed pumping rate at this 
site was calculated to be 50 gallons per minute (gpm). This design parameter we used in 
our design as the fixed pumping rate through the system.  
 Our remediation system is part of an overall pump and treat system. It starts with 
a rapid mix tank in which the ionic liquid [bmim][PF6] and the contaminated 
groundwater which is pumped from the aquifer are mixed for 8 minutes and then 
transferred to a decanter to settle for 2 minutes. These times are based on our 
experimental results for the ideal contact time in the Kinetics section of the Results and 
Discussion chapter.  
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Rapid Mix Tank: Volume and Power Input 
 
 The rapid mix tank was design based on the ideal contact time and the pumping 
rate found at the Superfund site as well as other standard parameters including velocity 
gradient and viscosity. The volume of the tank was calculated using Equation 6.  
 Equation 6: Volume of Rapid Mix Tank 
𝐷𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒(𝑇)  ∗  𝐹𝑙𝑜𝑤(𝑄)  =  𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑅𝑒𝑎𝑐𝑡𝑜𝑟(𝑉) 
The detention time is taken to be 8 minutes and the flow into the tank is 50 
gallons per minute (gpm) of contaminated water in addition to 25 gpm of [bmim][PF6]. 
This gives a Volume of 600 gallons (80.21 ft
3
). Assuming that the tank is a cylinder and 
the height should be about the same size as the diameter to maximize mixing efficiency, 
the dimensions can be determined using Equation 7. 
   
Equation 7: Volume of Cylindrical Tank 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐶𝑦𝑙𝑖𝑛𝑑𝑒𝑟 = 𝜋 ∗  (
𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡𝑎𝑛𝑘
4
)2  ∗  𝐻𝑒𝑖𝑔𝑕𝑡 𝑜𝑓 𝑡𝑎𝑛𝑘 
 
If the height and diameter variables are set equal to each other a value of 4.67 ft is 
obtained. Therefore rounding the height to 5 feet (ft) gives a diameter for the tank of 4.52 
ft.  Using this information the power needed to for the mixer can be calculated using 
Equation 8.   
Equation 8: Power of Rapid Mix Tank Pump 
𝑃𝑜𝑤𝑒𝑟 =  𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝐺𝑟𝑎𝑑𝑖𝑒𝑛𝑡(𝐺)  ∗  𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦(𝑣)  ∗  𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑡𝑎𝑛𝑘(𝑉) 
The values for each variable are as follows. The volume of the tank is 600 gallons 
(80.21 ft
3)
 as calculated from Equation 7. The velocity gradient typically varies from 
500/sec to 1000/sec in rapid mix tank, therefore, we chose the average of 750/sec. The 
value of viscosity of water is taken to be 2.90E
-
05 lb-sec/ft
2
.  Using these values the 
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calculated power is equal to 1308.49 ft-lb/sec. This value can be translated into a value of 
horsepower (HP) for the pump.  
Equation 9: Horsepower Conversion 
𝐻𝑃 =  
𝑃𝑜𝑤𝑒𝑟 (𝑓𝑡 − 𝑙𝑏/𝑠𝑒𝑐)
550 ∗  𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
  
 Assuming the pump is 75% efficient Equation 9 can be used to determine 
horsepower from power (ft-lb/sec). The minimum HP for the pump in the rapid mix tank 
is 3.17 HP.  
The schematic for the rapid mix tank shown in Figure 18 as well as Table 9 depict 
all the specs calculated above for the rapid mix tank.  
 
Figure 18: Rapid Mix Tank Specs 
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Gravity Decanter 
In a gravity decanter, a solution enters through two inflow pipes on either side of 
the tank as shown in Figure 19.  As the mixture flows through the long cylinder, the 
different densities of the liquids cause the heavier liquid to settle to the bottom as the 
lighter one rises to the top.   At the end of the tank, there are two outlets for the separated 
liquids: one on the bottom of the tank for the heavy liquid and the other at the overflow 
line for the light liquid.  Each outflow pipe and the vessel are also vented to the 
atmosphere.  The design of the tank is based on balancing the hydrostatic forces between 
the liquids and their densities.   
 
Figure 19: Top View of Gravity Decanter 
 
Figure 20: Side View of a Gravity Decanter 
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Rationale for Decanter Design 
 
In observing the interactions between 1-Butyl-3-methylimidazolium 
hexafluorophosphate ([bmim][PF6])  and lead nitrate during our experiments, a gravity 
decanter proved to be an ideal way to successfully separate the processed water from the 
ionic liquid. The densities of water and [bmim][PF6], 1.00 g/cc and 1.37 g/cc 
respectively, allow the ionic liquid to settle quickly to the bottom of the given container.  
During all of the experiments conducted with the two liquids, it was observed that 
separation was instantaneous once the solution was left to settle.  However, during our 
experiments the ideal contact time was determined to be 10 minutes. We mixed the 
solutions for 8 minutes and let the solutions settle for 2 minutes to meet the ideal contact 
time. Also, these times assured that it did not go over a contact time of 10 minutes 
because as our results showed the efficiency of removal dropped after 10 minutes. 
Therefore, since these times were successful, we incorporated these times for mixing and 
settling in our design process.  
 Another benefit to using a gravity decanter is the efficiency associated with using 
the [bmim][PF6].  Since the ionic liquid currently has a high cost associated with it, a 
separation technique that can reduce the price as much as possible is desired.  With this 
decanter, it allows the system to easily recycle the [bmim][PF6].  The outflow pipe can 
lead to the beginning of the mixing tank and less chemical would be needed overall. 
Additionally, a gravity decanter only requires a tank, pipes, and vents.  Other 
more costly equipment, such as motors and mixers, are not needed for the separation 
process.  This also reduces the price of the overall system. 
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Design of Decanter  
 
 After being processed in the mixing tank, the mixture will flow into the gravity 
decanter at a rate of 75 gallons per minute.  Since there is an aim for a contact time of 10 
minutes, after 8 minutes in the mixing tank there will be 2 minutes holding time in the 
decanter.  This holding time also correlates with the experiment on separation time; there 
is instantaneous separation between the two liquids so time is not a limiting factor.   
 With a flow of 75 gallons per minute remaining in the tank for 2 minutes, the tank 
should be designed to hold 150 gallons.  Assuming that the decanter should be 95% full, 
its volume needs to be about 160 gallons. 
Equation 10: Volume of Decanter 
75 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒 ∗  2 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 =  150 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 
 
150 𝑔𝑎𝑙𝑙𝑜𝑛𝑠
0.95
= 157.895 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 ∗
0.13368𝑓𝑡 
1 𝑔𝑎𝑙𝑙𝑜𝑛
3
= 21.1𝑓𝑡3
 
 The length of the decanter should be about 5 times its diameter (Harriot).  Setting 
up this ratio, with the total volume of the tank being 21.1 ft
3
, diameter should be about 2 
feet (rounding up) and the length of the decanter would be 10 ft. 
Equation 11: Length and Diameter of Decanter 
𝐿 ∗ 𝜋(
𝐷
2
)2 = 𝑉 
 
𝐿 = 5𝐷 
5𝐷 ∗ 𝜋(
𝐷
2
)2 = 21.1 𝑓𝑡3 
𝐷 = 1.75 𝑓𝑡 ≅ 2 𝑓𝑡 
𝐿 = 5 ∗ 2 𝑓𝑡 = 10 𝑓𝑡 
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 In a horizontal cylinder that has its volume 95% full, the liquid depth (Zt) will be 
90% of the tank diameter, 1.8 feet.  The interface height (ZA1) is placed halfway between 
the vessel floor and the liquid surface, 0.9 feet (Hariot.)  Figure 21 provides a visual for 
the variables. 
 
Figure 21: Variables for Gravity Decanter Calculations 
 
Equation 12: Liquid Depth and Interface Height Calculations 
𝑍𝑇 = 0.9 ∗ 𝐷 = 0.9 ∗ 2 𝑓𝑒𝑒𝑡 = 1.8 𝑓𝑒𝑒𝑡 
 
𝑍𝐴1 = 0.5 ∗ 𝑍𝑇 = 0.5 ∗ 1.8 𝑓𝑒𝑒𝑡 = 0.9 𝑓𝑒𝑒𝑡 
With these depths and the known densities of the liquids (ρA= 85.53 lb/ft
3
 ρB= 
62.43 lb/ft
3
), the hydrostatic forces are balanced in order to solve for the height of the 
heavy liquid overflow (ZA2) of 1.56 feet.  Also, the substitution relating the total liquid 
height to the individual liquid heights is used.     
 
Equation 13: Heavy Liquid Overflow Height  
𝑍𝐵𝜌𝐵 + 𝑍𝐴1𝜌𝐴 = 𝑍𝐴2𝜌𝐴 
 
𝑍𝐴2 =
𝑍𝐵𝜌𝐵+𝑍𝐴1𝜌𝐴
𝜌𝐴
  
𝑍𝑇 = 𝑍𝐵 + 𝑍𝐴1 
𝑍𝐵 = 𝑍𝑇 − 𝑍𝐴1 
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𝑍𝐴2 =
 𝑍𝑇 − 𝑍𝐴1 𝜌𝐵 + 𝑍𝐴1𝜌𝐴
𝜌𝐴
 
𝑍𝐴2 =
 1.8 𝑓𝑒𝑒𝑡 − 0.9 𝑓𝑒𝑒𝑡 62.43
𝑙𝑏
𝑓𝑡3
+ (0.9 𝑓𝑒𝑒𝑡)
85.53 𝑙𝑏
𝑓𝑡3
85.53 𝑓𝑡3
 
𝑍𝐴2 = 1.56 𝑓𝑒𝑒𝑡 
  
Final Design 
 
After taking into consideration the results of our experiments and a current 
remediation scenario, the proportions for our design were calculated. Our final design 
incorporates a rapid mix tank as well as a gravity decanter with a recirculation of the 
ionic liquid outflow (see Figure 22.) The final specs for both the rapid mix tank and the 
gravity decanter can be seen in Table 9 and Table 10. 
 
Figure 22: Entire Design Schematic 
 
  Table 9: Rapid Mix Tank Specs 
Minimum Volume 
(ft
3
) 
Height 
(ft) 
Radius 
(ft) 
Required Minimum Power 
(HP) 
80.21 10 2.83 3.17 
 
 
Table 10: Gravity Decanter Tank Specs 
Minimum Volume 
(ft
3
) 
Length 
(ft) 
Diameter 
 (ft) 
Overflow 
(ft) 
21.2 15 3 2.34  (from top) 
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Design Concerns 
 
Currently, the most common solvent used in liquid-liquid extraction processes are 
volatile organic compounds.  Worldwide, they had an estimated use of 5 billion dollars 
worth per year in 1998.  Therefore to switch to an alternate solvent would be very 
expensive, especially ionic liquids which are difficult to create (Huddleston.)   
The proposed design utilizes 25 gallons of [bmim][PF6].  At the time that the 
[bmim][PF6] was ordered for our experiments, it’s cost was $152.50 for 50 mL.  That 
makes the cost $11,545.51 per gallon and $288,638.65 for 25 gallons.  This high cost 
does not make it a competitive alternative with the current processes in place for lead 
removal. 
Though theoretically [bmim][PF6] will be successful in removing lead from water 
in a gravity decanter system, this method must be first tested with a prototype before a 
full scale design is implemented.  There may be concerns that were overlooked in the 
design, which must be addressed in order to ensure effectiveness.  This could include 
things such adjusting the holding time in the decanter, examining how the [bmim][PF6] 
flows through the system, and measuring the effectiveness of the recycled [bmim][PF6] in 
lead.   
Recommendations for Complete System Design 
 
In addition to the rapid mix tank and the decanter there are other components of 
the complete system that need to be taken into consideration when looking at the overall 
design. In this section of the Design of Remediation System chapter different aspects of 
the complete system including the piping, pumps, and material of tanks will be discussed. 
In addition, recommendations for each component will be established. 
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Materials 
Piping 
 
 There were many aspects of the current Superfund site in Woburn, MA that we 
took into consideration when determining which type of pipe would be best suited.  
First, the G&H Wells site has been under remediation efforts for decades, the pipes used 
should last over time to be cost effective. Also, since our design is meant as a 
pretreatment we took into consideration the other contaminants at the sight and how they 
might affect the pipes used if they were to be in the groundwater.  
We recommend Chlorinated Poly Vinyl Chloride (CPVC) piping, a thermoplastic 
pipe which meets ASTM requirements, because of its properties and extensive 
applicability. CPVC piping systems are environmentally friendly, provide a long service 
life, corrosion resistant and cost effective. Additionally, they can be applied in many 
situations including potable water distribution, corrosive fluid handling in industry, and 
fire suppression systems. CPVC is a better option the regular PVC piping because it is 
more resistant to corrosive chemicals that may be in the groundwater. PVC is only 
resistant to ordinary chemicals such as acids, bases, and salts. 
To determine a pipe size to be used a reasonable velocity of water through 
pipelines was researched. According to Droste (1997), a minimum accepted velocity of 
water through pipelines for wastewater treatment varies from 0.6 m/s – 0.9 m/s to avoid 
buildup of sediments. Additionally, a maximum velocity was established to be less than 5 
m/s - 7 m/s since this velocity would require excessive energy costs. Therefore, each 
pipeline diameter that the CPVC is manufactured in was looked at to establish what 
velocity the size pipe would create if 50gpm were pumped through it (see Equation 14).  
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Equation 14: Velocity of Water in a Pipeline  
 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦  𝑚 𝑠  =  
𝑉𝑜𝑙𝑢𝑚𝑒 𝐹𝑙𝑜𝑤𝑟𝑎𝑡𝑒 (𝑚
3
𝑠 )
𝐶𝑟𝑜𝑠𝑠 𝑆𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑃𝑖𝑝𝑒 (𝑚2)
 
 
An appropriate diameter for the pipeline is ½” to 2” since these diameters gave a 
velocity within the velocity range of 0.6 m/s – 10 m/s. The choice of an exact diameter 
size would depend on the cost of the various pipes. The lowest cost pipe would be the 
ideal pipe to use in the system.  
Tank Material 
 
 When considering the tank material we considered the shape our group proposed 
in the design section, the corrosiveness of the contaminants in the groundwater, and 
common materials for tanks in remediation systems. 
Rapid Mix Tank 
 
 The rapid mix tank had a volume of 600 gallons with dimensions of 4.52 ft in 
diameter and 5 feet high. Since rapid mix tanks are common in water treatment there are 
many different shapes and materials. The dimensions our group established in the design 
section do not need to be exact as long as the tank chosen meets the purpose and capacity 
of our designed tank, which include mixing the contaminated water with the ionic liquid 
adequately as well as having a volume of 600 gallons.  
 For the tank our group recommends a model similar to the High Mix TM tank 
produced by Walker engineered products. This cylindrical tank is a made out of stainless 
steel and is ideal for the rapid incorporation of chemical. Additionally it has a variable 
speed which means that the speed can be programmed according to our design. In 
63 
 
addition to meeting the need to adequately mix the ionic liquid with the contaminated 
groundwater, this High Mix Tank also is sold in volumes up to 600 gallons, meeting our 
groups design specifications. (WEP, 2006) 
Decanter Tank 
 
The design of the decanter tank needs to be more specific than the rapid mix tank 
since it is dependant on detention time. The detention time of the decanter needs to be 
precise because the efficiency of removal depends on the time the contaminated water 
spends in contact with the ionic liquid. Therefore, when choosing a decanter tank our 
group recommends stainless steel. Stainless steel is easily manipulated making it easy to 
fabricate a tank according to the dimensions specified. Our decanter tank would have 
dimensions of length 10 feet and diameter 2 feet. (WEP, 2006) 
Pumps 
 In this contaminated site, lead is mixed with groundwater.  In order to treat it, the 
polluted water needs to be pumped to the surface and into the system.  Extraction wells 
will be positioned appropriately so that the radius of influence captures a sizable amount 
of the groundwater.   
 To design the pumps needed for the wells, specific designs were consulted to 
investigate if they were compatible with the specifications needed.  Things such as its 
size, the flow rate it can pump, and ability to be used in an extraction well were take into 
consideration.   
One such pump that fit the criteria for the design is the GT Irri-Gator Self-Priming 
Centrifugal Pump.  With a design flow rate determined at 50 gallons per minute, the total 
dynamic head needed for ideal pump operation is 58 feet.  In result, the discharge 
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pressure would be 20 psi. To accomplish these things, the model of the pump used would 
be the GT 15. (Goulds Pumps, 2007) 
 
Recommendations for Further Research 
Throughout our project we encountered many sources of potential error. Although 
our group tried to limit these sources of error, we found some variables to be unavoidable 
and as a result should be taken into consideration when further research is conducted. 
Additionally, our group found that ionic liquids hold potential to be used in combination 
with other remediation technologies to increase the efficiency of the overall remediation 
process  
1. Further research on the synthesis of the ionic liquid being worked with as well 
as additional information about the make-up of the ionic liquid from the 
distributor. 
In our second set of experiments which used the second 50 mL bottle of 
ionic liquid. With these experiments we found that in some cases lead was not 
being removed, a minimal amount of lead was removed or an increase in the lead 
concentration was present. Since we had success in removing over 50 percent of 
lead in the first set of experiments that used the first bottle of 50 mL of ionic 
liquid our group determined that there could be lead in the ionic liquid. Our group 
had not obtain a vast amount of information about the synthesis of the ionic liquid 
and for further research recommend that this information is obtained to minimize 
this source of error. 
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2. Further research on the attraction between ionic liquids and materials of lab 
containers being used. 
In our experiments we found that the ionic liquid had a tendency to adhere 
to the plastic or glass containers we were using. When extracting the water 
from the container the ionic liquid that had adhered to the container was 
floating on the top of the water and therefore, could have been a source of 
error.  
3. The ability to reuse ionic liquid. 
One great benefit that our group saw in using ionic liquids, is the 
possibility of recycling the chemical in a remediation system.  To ensure that 
the lead removal rate is still is as high as with initial mixing, future 
experiments with repetitive use of ionic liquid should be completed.     
4.  Further research on the use of ionic liquids in combination with other 
remediation technologies. 
Theoretically, we thought of ways to use ionic liquid as part of current 
remediation techniques.  Experimentally, these uses should be verified to 
ensure that there is a high amount of lead removal, and that practically the 
systems will work.      
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APPENDIX 
Lead Removal as a Function of Lead vs. [bmim][PF6] Ratio 
 By completing this experiment, the intention was to see if there was a correlation 
between the ratio of lead nitrate to [bmim][PF6] and the removal of lead in the mixture.  
If a greater amount of [bmim][PF6] was in contact with a smaller amount of the stock 
solution, more lead might be removed from the water.   
 After being mixed on the automatic shaker, about 2 mL of each sample was run 
on the AA to determine the amount of lead that remained in the test solution.  Known 
standards were graphed as lead concentration versus absorbance (see Figure 23).   
Figure 23: Standards for AA 
 
 
These points were fitted with a trend line, as displayed on the graph.  Using the 
reading from the AA, the concentration of lead nitrate determined using Equation 15.  
Table 11 summarizes the remaining concentration for the different samples of lead 
nitrate. 
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Equation 15: Lead Concentration  
𝑨𝑨 𝒓𝒆𝒂𝒅𝒊𝒏𝒈 =  𝟎. 𝟎𝟎𝟔𝟒𝟔(𝑷𝒃 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏) −  𝟎. 𝟎𝟎𝟎𝟏𝟕 
 
𝑃𝑏 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =  
(𝐴𝐴 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 +  0.00017)
0.00646
 
 
Table 11: Summary of Calculations for Remaining Lead Concentration 
Sample Percentage of in 
[bmim][PF6] Mixture 
AA reading Remaining Pb Concentration 
1.1 0.67 0.006 0.9551 
1.2 0.67 0.005 0.8003 
2.1 0.50 0.014 2.1935 
2.2 0.50 0.014 2.1935 
3.1 0.33 0.037 5.7539 
3.2 0.33 0.037 5.7539 
4.1 0.17 0.045 6.9923 
4.2 0.17 0.046 7.1471 
5.1 0.09 0.048 7.5466 
5.2 0.09 0.050 7.7663 
6.1 0.06 0.048 7.5467 
6.2 0.06 0.048 7.5467 
 
For certain ratios, quantities of 4.99 ppm used in the initial mixing were too small 
to be read on the AA.  In order to achieve a quantity of 1 mL, the minimum quantity 
needed to measure a sample on the AA, the solutions were diluted with e-pure.  For 
sample 1.1 and 1.2, 1.2 mL of e-pure was added to 0.4 mL of lead nitrate.  In sample 2.1 
and 2.2, 0.6 mL of e-pure was added to 0.6 mL of lead nitrate.  Using the reading from 
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the AA, the final lead concentrations were solved for using Equation 16.  Table 12 
summarizes these calculations for the test samples.  The averages between the two 
samples for each ratio were calculated (see Table 13).  The results were then graphed (see 
Figure 24).  This figure shows that the ideal ratio for the highest removal of lead is 0.1%  
 
Equation 16: Final Concentration of Lead 
(𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑒𝑎𝑑)𝑖𝑛𝑖𝑡𝑖𝑎𝑙  ∗ (𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑙𝑒𝑎𝑑 𝑛𝑖𝑡𝑟𝑎𝑡𝑒)𝑖𝑛𝑖𝑡𝑖𝑎𝑙
=  (𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑒𝑎𝑑)𝑓𝑖𝑛𝑎𝑙  ∗ (𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛)𝑓𝑖𝑛𝑎𝑙  
 
(𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑒𝑎𝑑)𝑓𝑖𝑛𝑎𝑙  =  
(𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛  𝑜𝑓  𝑙𝑒𝑎𝑑 )𝑖𝑛𝑖𝑡𝑖𝑎𝑙  ∗(𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓  𝑙𝑒𝑎𝑑  𝑛𝑖𝑡𝑟𝑎𝑡𝑒 )𝑖𝑛𝑖𝑡𝑖𝑎𝑙
(𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓  𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 )𝑓𝑖𝑛𝑎𝑙
  
 
Table 12: Summary of Calculations for Final Lead Concentrations 
Sample Diluted 
Concentration 
(ppm) 
Diluted 
Volume 
(mL) 
Final Volume 
(mL) 
Final Concentration 
(ppm) 
1.1 0.9551 1.6 0.4 3.8204 
1.2 0.8003 1.6 0.4 3.2012 
2.1 2.1935 1.2 0.6 4.3870 
2.2 2.1935 1.2 0.6 4.3870 
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Table 13: Average for Remaining Lead Concentrations 
Sample Percentage of in [bmim][PF6] Mixture Remaining Concentration 
1 0.67 3.511 
2 0.50 4.387 
3 0.33 5.754 
4 0.17 7.070 
5 0.09 7.656 
6 0.06 7.547 
 
 
Figure 24: Summary of Results with Varying [bmim][PF6] 
 
 
